WHAT'S KNOWN ON THIS SUBJECT: It has been suggested that maternal immune activation during pregnancy is associated with cardinal behaviors of autism in the offspring. Epidemiologic studies have yielded conflicting results concerning the association between any infection during pregnancy and the development of autism.
Autism spectrum disorder (ASD) is a serious neurodevelopmental disorder characterized by impairments in the following areas: (1) social skills; (2) communication skills; and/or (3) stereotyped interests/repetitive behavior. 1 Infantile autism is a subgroup within ASD and is defined by the presence of abnormal functioning in all 3 areas of autism symptoms as well as symptoms being discernible before 3 years of age.
Results of animal studies suggest that maternal immune activation during pregnancy is associated with deviations in brain development. [2] [3] [4] Infectious disease is the most common path to maternal immune activation during pregnancy. Several previous studies have investigated infection during pregnancy as a part of a larger assessment of various prenatal factors. 5 These studies did not look at specific infections per se but pooled all infections into 1 exposure group and did not differentiate between infections occurring within different trimesters. A meta-analysis of 4 such multivariate case-control studies found an almost twofold increased risk of ASD after any infection during pregnancy. A more recent population-based Swedish study used inpatient hospital register data and found no association between any prenatal infection and ASD. 6 In addition, in a previous analysis of Danish hospital-based register data, 7 we found no overall association between any prenatal infection and ASD in the child.
To our knowledge, no previous study has investigated the association between self-reported common infections and ASD in the child. The current study is a population-based cohort study using data from the Danish National Birth Cohort (DNBC). We estimated whether different types of common infectious diseases, febrile episodes, or use of antibiotics during pregnancy are associated with diagnosis of ASD and infantile autism in the offspring.
METHODS

Study Population
From 1996 to 2002, a total of 101 033 pregnant women were recruited to the DNBC. 8 The women were recruited through their general practitioner at the first prenatal visit. Overall, the participation rate at enrollment was 31% of all pregnant women in Denmark during this time period. 9 A total of 96 736 DNBC children ages 8 to 14 years were included in the study (Fig 1) . All live-born children in Denmark are assigned a personal identification number 10 that is used as a key to individual information in all national registers as well as the DNBC.
Data on Febrile Episode, Maternal Infection, and Antibiotic Use
The exposure data were collected through telephone interviews with the mother at an average 6 SD 17 6 4 weeks of gestation, 32 6 3 weeks of gestation, and when the child was 6 6 1 months of age. However, there were no questions concerning febrile episodes, cough, herpes infections, and venereal warts after gestational week 32; thus, the information on these diseases during the third trimester is incomplete. Figure 1 displays the number of children whose mother participated in each interview. In each interview, the questions were related to a specific time period, and generally the women were asked to specify in which gestational weeks they were affected by the exposure.
Questions regarding infections or febrile episodes were generally formulated as: "Have you had cystitis?" or "Have you had any episode of fever?" The women had the choice of answering "yes," "no," "don't know," or "don't wish to answer." For analyses concerning the whole pregnancy, children were considered exposed if the mother answered yes in 1 or more interviews to have had a specific disease. The reference group was the group of women who answered no to the same question in all relevant interviews. There was no specific question regarding respiratory disease and influenza; when available, information on these infectious diseases was extracted from answers (text strings) to a more general question: "Have you had other infections?" A question regarding antibiotic use was formulated as: "Have you taken any medication against infection or inflammation (for example, penicillin, sulfa drug, other antibiotics or medicine against fungus)?" Similar to the questions regarding the infections, we excluded from the analysis children with mothers who either chose not to
FIGURE 1
Flow diagram of the number of women recruited to the DNBC, the number of women found eligible for this study, and the number of children whose mother participated in each DNBC interview.
answer or were not sure of the answer. If the woman answered yes to have taken antibiotics, the follow-up question specified 66 different types of antibiotics as well as an option of "other," in which case the answer was entered as a text variable. A dichotomous variable was created describing whether the woman reported taking any antibiotic. The different types of antibiotics were subdivided into 4 categories: penicillins, macrolides, sulfonamides, and cephalosporins. The questionnaire did not include a question concerning the direct disease indication for the antibiotic use. Table 1 indicates which interview supplied the self-reported information, total number of exposed children and unexposed children, and number of missing values.
Comparing Maternal-Reported Data and Hospital Data
We were able to investigate, in part, the validity of the DNBC maternal reports of infectious diseases by comparing the mother' s answers in the interviews with the recorded inpatient or outpatient hospital contact of the mother for the same infection during the relevant time period. Data on hospital contact were found in the Danish National Hospital Register 11 by identifying diagnoses given at discharge. The DNBC data were validated as follows: if a mother (included in the DNBC) was recorded in the Danish National Hospital Register as having received a primary or secondary discharge diagnosis of a specific infection during the relevant time period, we would expect the mother to have answered yes in the DNBC interview when asked if she had experienced this infection during the same time period. Thus, we calculated an agreement percent defined as the number of DNBC mothers in contact with the hospital for a relevant infection during a specific time period where the mother said yes to having had the disease during that time, divided by the number of DNBC mothers in contact with the hospital for the infection during the relevant time period where the mother said yes or no to having had the disease during that time.
Data on ASD
Diagnoses of ASD were found in the Danish Psychiatric Central Register. 12 All diagnoses are assigned by psychiatrists. International Classification of Diseases, 10th Revision diagnoses of ASD included: F84.0 (infantile autism), F84.1, F84.5, F84.8, and F84.9. The positive predictive value of the infantile autism diagnosis found in the DCPR has been reported to be 94%. 13 The prevalence of ASD in the Danish register 14 is comparable to ASD prevalence observed in the United States 15 and a prevalence estimate for ASD observed in a screening study conducted in Denmark. 16 
Analytical Strategy
The association between various selfreported infections, febrile episodes, and use of antibiotics during pregnancy and ASD in the offspring were studied. If the DNBC questionnaires included information on time of exposure, the associations were stratified according to trimester of exposure. To distinguish the effects of mild self-reported infections from more severe ones, additional analyses were conducted by using proxy measures of disease severity (eg, duration of illness, treatment received) when the relevant data were available.
Adjustments were made for gender, maternal age, parity, and maternal smoking during pregnancy retrieved from the Danish medical birth registry, 17 paternal age retrieved from the Danish civil registration system, 10 parental psychiatric history (dichotomous variable indicating whether either parent had a history of psychiatric diagnosis before the birth of the child [International Classification of Diseases, 10th 12 and parents' educational status retrieved from the DNBC interview at 17 gestational weeks; the parent with the highest educational status determined to which group the parents were assigned. All covariates were included as categorical variables ( Table 2 ). The missing values were dealt with by using listwise deletion. To adjust for changes in the prevalence of ASD over calendar time, separate baseline diagnostic rate functions were included for birth year groups (1996-1998, 1999-2000, and 2001-2003) . Preterm birth is potentially an intermediary variable between maternal infection and ASD; therefore, it was not included in the main analyses as a potential confounder. However, sensitivity analyses were conducted excluding from the analyses all children born before week 37.
By use of Cox proportional hazards regression, crude and adjusted hazard ratios (aHRs) were estimated. Age of the child was used as the time scale. The proportional hazards assumption was evaluated by assessing log-minus-log survivor curves. The hazard ratio (HR) may be interpreted as a relative risk because ASD, for this purpose, is a rare disease (ie, prevalence of ,10%). Follow-up time ended at the first date of reported ASD diagnosis, death, or on December 31, 2010, whichever came first. Data on death came from the Danish Register of Causes of Death. 18 To account for the lack of independence of children within the same family, a robust (Huber-White) variance estimator was used that allowed for clustering of outcomes within a family.
To avoid unreliable and uncertain estimates, we only estimated HRs if at least 5 subjects with a diagnosis of ASD had been exposed. No adjustments for multiple comparisons were made.
RESULTS
A total of 976 DNBC children were diagnosed with ASD (1%); 342 had infantile autism (0.4%). Table 2 displays the distribution of confounder characteristics among ASD and non-ASD children. The mean follow-up time was 10 years, and 484 cohort children died during follow-up. The characteristics of the DNBC population were similar to the background population.
We observed no association between specific types of self-reported common infection during pregnancy and ASD in the offspring. The estimates ranged from an aHR of 0.7 (95% confidence interval [CI]: 0.4-1.4) for genital herpes to an aHR of 1.8 (95% CI: 0.9-3.9) for pyelonephritis (Table 3) . Also, we observed no increased risk for ASD after common infections at specific trimesters (Table 4) . The results were similar for infantile autism. However, we report an increased risk of infantile autism after influenza infection (aHR: 2.3 [95% CI:
No association was observed between febrile episodes before week 32 of There was a small increased risk of ASD/infantile autism after the use of various antibiotics. The use of sulfonamides anytime during pregnancy as well as use of penicillin during the second and third trimesters increased the risk of ASD/infantile autism by ∼50% (Tables 4 and 6 ). In addition, the use of macrolides anytime during pregnancy increased the risk for infantile autism in the offspring (aHR: 2.2 [95% CI: 1.1-4.4]) (Table 6 ).
Restricting the analyses to children born at term ($37 gestational weeks)
did not essentially change the results (data not shown).
The overall agreement between maternal reports of infection episodes and a corresponding hospital contact record was fairly good for most infections for which the women were asked directly: cystitis (65%), pyelonephritis (61%), and vaginal yeast infection (77% 
DISCUSSION
In the current study, there was little evidence that self-reported common infections during pregnancy are risk factors for ASD in the child. This lack of association was consistent when studying infectious diseases occurring at specific trimesters. In a previous study, by using Danish hospital data, 7 we estimated the risk for ASD after hospital admission for specific prenatal infections. In these previous analyses, we found no association between ASD and maternal respiratory infection, urinary tract infection, or genital infection specifically, which coincides with the current findings by ARTICLE using self-reported data. We reported in our previous study that viral infection during the first trimester gave rise to an almost threefold increased risk of ASD, an association possibly driven by infection with influenza virus. In the current study, we found almost a twofold increased risk of infantile autism in the child after selfreported infection with influenza virus during pregnancy. Infection with influenza virus during the first trimester has been suggested to be associated with development of schizophrenia in the unborn child, 19 and animal studies have raised concern that prenatal infection with influenza virus is associated with development of ASD in the offspring. 3 We found an approximate threefold increased risk of infantile autism if the mother suffered from a febrile episode lasting .1 week before gestational week 32. We do not know whether a febrile episode in our study is acting as a proxy for a specific infectious illness, specific severity of illness, a specific immune response, or if the direct action of hyperthermia on the fetus is potentially harmful. The association between febrile episodes during pregnancy and ASD could be a coincidental finding caused by multiple testing and requires further study. The relatively long period of fever could, in some cases, be a proxy for influenza.
We observed a small increased risk for ASD and infantile autism after the use of different antibiotics during pregnancy. We do not know whether the antibiotic treatment itself caused the observed association or whether the antibiotic use functioned as a proxy variable for an underlying disease, disease severity, a maternal immune response to a disease, or whether this was a chance finding. The association between antibiotics and autism is a novel finding, which requires confirmation. However, sulfonamides are known folate antagonists, and impaired folate status has been implicated as a risk factor for ASD. 20 In addition, periconceptual folate supplementation has been found to be associated with a reduced risk for ASD. 21, 22 This population-based cohort study included several important strengths: for example, the amount and novelty of data, the availability of hospital records in addition to self-reported data, the prospective data collection, reliable autism diagnoses, and the examination of the associations stratified by trimester. A great limitation of the study is that we made 106 adjusted comparisons; thus, the few statistically significant associations observed could be chance findings. The study is explorative, and we thus made no adjustments for multiple testing. Noteworthy, none of the statistically significant findings would have survived any correction for multiple comparisons. Another main limitation of the study concerns the quality of exposure data, which we elaborate on in the following discussion.
The overall low participation at recruitment to the DNBC has raised concern about possible biased enrollment, 23 as it has been reported that single women with little or no education and low income were less likely to participate. 9 However, a previous study investigated the potential effects of selection bias in the DNBC on the association between variables that are highly dependent on socioeconomic status and concluded that the effects of differential participation on these estimated associations were small. 23 Some 14% of women enrolled in the cohort did not participate in the interview ∼6 months' postpartum, which could introduce bias. However, the cumulative incidence proportion for ASD for all participants in the DNBC and for participants in various interviews were similar, indicating that loss to follow-up within the cohort unlikely resulted in severe bias.
Each interview of the DNBC included .200 questions for the mother, and the questionnaire covered a broad range of topics on maternal and child health and daily routines. The information was not gathered specifically for the current study, but instead the questions were general and meant to be used in a variety of different studies. Consequently, information concerning types of infection and circumstances concerning the infection/febrile episode and antibiotic use was limited.
Exposure was reported by the mother, and we did not have any formal information on the validity of the reported exposure information. The exposure information was collected prospectively and thus before the woman was aware of the child' s potential developmental problem, which limited the likelihood of differential misclassification of exposure information. If the maternally reported data were misclassified, the misclassification was most likely nondifferential. Such misclassification usually drives the estimates toward the null, which could explain the general lack of positive associations.
We do not have any information on the completeness of information on infectious diseases or febrile episodes. Collier et al 24 reported the prevalence of self-reported infection among pregnant women from 10 different sites in the United States. The proportions of women reporting any infection, fever, or urinary tract infection were comparable between our study and the study by Collier et al. We observed a very low proportion of women reporting respiratory infections and influenza, which is most probably due to the fact that women were not specifically asked about respiratory infections; instead, the information was
extracted from an open-ended question (text-string variable). Misreporting of influenza is likely to be considerable; any episode of fever may be mistaken for influenza, and not all women infected with influenza virus might have been aware of this. Moreover, the agreement between hospital admission data and maternal reports regarding influenza was very poor.
Olesen et al 25 studied the use of dispensed medications among pregnant women in Northern Denmark, by using the information from the DNBC as the reference and comparing that with the Danish prescription database. They found that only 52% (95% CI: 47-58) of women who were prescribed and purchased antibiotics reported actually taking the drugs. The proportion of women reporting usage of prescribed drugs was similar, whether recall was 30 days (50%), 60 days (49%), 90 days (47%), or 120 days (43%), suggesting poor compliance rather than underreporting at the time of the interview. Thus, the results by Olesen et al support the usage of self-reported data instead of prescription databases when studying use of medication during pregnancy.
CONCLUSIONS
Our results do not suggest that mild infections, febrile episodes, or use of antibiotics during pregnancy are strong risk factors for ASD and infantile autism. Due to multiple testing, the few statistically significant findings were possible chance findings. We experienced several methodologic limitations, and the results of this study thus cannot solely negate a possible association. We emphasize the need for further research on this important topic.
